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Abstract: Treatment of hypertension in the elderly is expected to become more complex in 
the coming decades. Based on the current landscape of clinical trials, guideline recommen- 
dations remain inconclusive. The present review discusses the latest evidence derived from 
studies available in 2013 and investigates optimal blood pressure (BP) and preferred treatment 
substances. Three common archetypes are discussed that hamper the treatment of hypertension 
in the very elderly. In addition, this paper presents the current recommendations of the NICE 
2011, JNC7 2013-update, ESH/ESC 2013, CHEP 2013, JNC8 and ASH/ISH guidelines for 
elderly patients. Advantages of the six main substance classes, namely diuretics, beta-blockers 
(BBs), calcium channel blockers (CCBs), angiotensin-converting enzyme inhibitors (ACEIs), 
angiotensin receptor blockers (ARBs), and direct renin inhibitors (DRIs) are discussed. Medical 
and economic implications of drug administration in the very elderly are presented. Avoidance 
of treatment-related adverse effects has become increasingly relevant. Current substance classes 
are equally effective, with similar effects on cardiovascular outcomes. Selection of substances 
should therefore also be based on collateral advantages of drugs that extend beyond BP reduction. 
The combination of ACEIs and diuretics appears to be favorable in managing systolic/diastolic 
hypertension. Diuretics are a preferred and cheap combination drug, and the combination with 
CCBs is recommended for patients with isolated systolic hypertension. ACEIs and CCBs are 
favorable for patients with dementia, while CCBs and ARBs imply substantial cost savings due 
to high adherence. 
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Introduction 

In the last decade, life expectancy has increased remarkably in affluent Western 
societies. 1 In the USA, approximately 39 million people (13% of the population) were 
aged ^65 years in 2008 and this number is expected to increase to 72 million (20% 
of the population) in 2030. 2 In the European Union, over 30% of the population will 
be older than 65 years by 2060, and in Germany octogenarians will account for 14% 
of the population in 2060. 3,4 In patients >65 years of age, 78% of older women and 
64% of older men have either diagnosed or undiagnosed hypertension. Based on the 
age-dependent blood pressure (BP) targets currently recommended by the ESH/ESC 
(European Society of Hypertension/European Society of Cardiology) guidelines, 5 it is 
appropriate to differentiate between the "elderly" and the "very elderly" in this review. 
The "elderly" comprises the group of patients aged ^65 years. Patients 80 years and 
older are considered "very elderly" as described by Gueyffier et al for the Individual 
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Data Analyses Antihypertensive Intervention (INDANA) 
group 6 and in the Hypertension in the Very Elderly Trial 
(HYVET). 7 

Due to improvements in diagnosis and treatment, 
long-term consequences of arterial hypertension have shifted 
towards the elderly /very elderly population, but treatment has 
become more difficult in the light of comorbidities. 8 In addi- 
tion, the tablet burden in octogenarians hampers adherence to 
medication, and diseases requiring intensified treatment have 
their highest occurrence in the very elderly. 9 The following 
three archetypes characterize current challenges in high-age 
patient management. 

1 . Discrepancy between required evidence and investment 
in clinical trials: it is difficult to obtain reliable long-term 
data because the average life expectancy of patients 
included in clinical trials is shorter than the duration of 
these studies. Another problem is that generation of spe- 
cific evidence in the elderly and very elderly is expensive, 
while the anticipated revenue for pharmaceutical compa- 
nies is relatively low. Low evidence leads to guideline 
ambiguity, subjective treatment decisions, and low target 
blood pressure attainment (TBPA). 10 



2. Eroding goals in treatment: an increasing number of phy- 
sicians believe in comfortable end-of-life-management 
with less aggressive treatment. 11 In a 2002 survey, 
25% of physicians believed that treatment of patients 
aged &85 years implied more risks than benefits, 12 and 
over 58% of physicians only initiate antihypertensive 
treatment when patients' systolic blood pressure (SBP) 
exceeds 160 mmHg. In a Spanish trial, physicians per- 
ceived uncontrolled BP in 44.1% of patients as being 
well controlled. 13 This perception is possibly based on the 
fallacy that BP levels need to be higher in older patients 
because of atherosclerotic alterations of cerebral vessels. 

3. Attractiveness principle in competing disease areas: 
polypharmacy in the very elderly is unfortunate because 
treatment gets prioritized according to the severity of 
comorbidities and side-effects. As hypertension does not 
usually affect patient quality of life, other treatments are 
often favored. 

Figure 1 summarizes the challenges in antihypertensive 
treatment of the elderly and very elderly. 

In the last couple of years, several revisions to interna- 
tional guidelines have been undertaken to establish the most 
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appropriate treatment by defining BP goals and recommended 
substances in the very elderly. Very recently the JNC (Joint 
National Committee)8 guidelines 14-18 and additionally ASH/ 
ISH (American Society of Hypertension/International 
Society of Hypertension) practical guidelines 19 were released, 
with potentially more recommendation in collaboration with 
American Heart Association (AHA) and American College 
of Cardiology (ACC) to come by the end of 2014 or early 
20 15. 20 The AHA, ACC, and Centers from Disease Con- 
trol and Prevention (CDC) had just before published their 
"science advisory" on effective approaches for managing 
high blood pressure. 21 " 23 

The aims of the present review are as follows: 

i. To present the latest evidence from trials with regard to 
optimal BP and preferred substances in 2013. 

ii. To review the current recommendations of NICE 
(National Institute for Health and Clinical Excellence) 
201 1 24 and the 2013 updates of the JNC7, 25 ESH-ESC, 5 
CHEP (Canadian Hypertension Education Program), 26 
JNC8, 14 and ASH/ISH practical guidelines. 19 

iii. To discuss advantages of the six main substance classes, 
namely diuretics, beta blockers (BBs), calcium channel 
blockers (CCBs), angiotensin-converting enzyme inhibi- 
tors (ACEIs), angiotensin receptor blockers (ARBs), and 
direct renin inhibitors (DRIs). 

iv. To highlight medical and economic implications of drug 
administration in the very elderly. 

BP levels that establish the diagnosis of 
hypertension and set targets for therapy 

Lowering BP in a timely fashion has been shown to be ben- 
eficial with regard to cardiovascular outcome in hypertensive 
patients aged &67 years. 27 A recent meta-analysis compar- 
ing treatment and placebo groups showed intergroup BP 
reductions of 27.3/11.1 mmHg 28 and significant reductions 
in all-cause death, cardiovascular death, stroke, and heart 
failure in patients aged s65. Thus, BP lowering is a simple 
and therapy-independent concept to lower cardiovascular 
risk. 529 However, controversy remains regarding when to 
initiate treatment and what the optimal treatment goals are 
for this population. 

On the one hand, the HYVET landmark trial 30 demon- 
strated substantial reduction in fatal and non-fatal stroke, 
all-cause mortality, and cardiovascular disease in octogenar- 
ians treated who had a sustained SBP < 160 mmHg. On the 
other hand, another meta-analysis 31 showed only reduction of 
stroke risk, cardiovascular events, and heart failure, while all- 
cause mortality remained high. Even more surprisingly, 



all-cause mortality was lowest in trials with the least BP reduc- 
tions and the lowest therapy intensity. The difference between 
the two analyses may derive from the fact that in frail, elderly 
subjects with a diversity of comorbidities the potential benefit 
of antihypertensive treatment may be blunted by competing 
risks. Also, the expected protective effect of BP lowering 
seems to become progressively smaller with increasing 
age. 32 As the average age in the HYVET trial was 84 years, 
there are few data available for the very elderly. Despite this 
problem, the results of HYVET have been implemented 
in the new ESH/ESC guidelines: BP should be reduced in 
patients > 80 years and with initial SBP > 1 60 mmHg to values 
between 140 mmHg and 150 mmHg, provided that octogenari- 
ans are in good physical and mental condition. In physically fit 
hypertensive patients <80 years old with SBP > 140 mmHg, 
BP values <140 mmHg may be considered, but in the frag- 
ile elderly population SBP should be adapted to individual 
tolerability. If patients live to >80 years of age they should 
continue their antihypertensive treatment if well tolerated. 5 
The newly relased JNC8 14,15 guidelines are mostly in line 
with the ESH/ESC guidelines. In patients >60 years, JNC8 
recommends lowering BP below 1 50/90 mmHg. In the ASH/ 
ISH guidelines, 19 - 20 age thresholds of BP > 150/90 mmHg 
apply to patients s80 years. With regard to the ASH/ISH 
guidelines, the scientific community argues that they were 
not developed according to the guideline process and thus 
should rather be considered as an "opinion piece". 20 In gen- 
eral, BP target recommendations should mitigate any effect 
potentially associated with the "J-curve effect" discussed by 
Banach and Aronow. 33 

Recent late-outcome trials with more aggressive BP con- 
trol have observed the J-curve effect in hypertensive patients, 
in patients with coronary artery disease, diabetes mellitus 
and left ventricular hypertrophy, and in elderly patients. 34 
When BP was lowered below a specific nadir, risk of coro- 
nary events (but not stroke) increased. Lowering diastolic 
BP (DBP) can lead to a critically reduced perfusion of the 
coronary arteries during the diastolic phase of the cardiac 
cycle. In healthy subjects, coronary pressure autoregulation 
provides a relatively constant perfusion to the myocardium 
over a fairly wide perfusion pressure ranging from 45 mmHg 
to 125 mmHg. In patients with coronary heart disease, hyper- 
tension, and left ventricular hypertrophy, the autoregulation 
is no longer functional and the fractional flow reserve will 
be compromised and may lead to myocardial ischemia and 
myocardial infarction. 35 The human brain is the organ that 
depends mostly on SBP. Cerebral blood flow autoregulation 
can operate at a mean arterial pressure between 60 mmHg 
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and 150 mmHg. Still, it seems that the heart is more vulner- 
able to BP changes than the brain, which has a much wider 
BP autoregulatory range. 

In a secondary analysis of the INVEST (the INternational 
VErapamil SR/Trandolapril STudy) trial, 36 hypertensive 
patients (£50 years of age) with coronary artery disease 
were treated with two different regimens. Grouped in 1 0-year 
increments, the adjusted hazard ratio for primary outcomes 
(all-cause death, non-fatal myocardial infarction, or non-fatal 
stroke) revealed a J-shape relationship between treatment 
SBP and DBP. Although all age groups showed a J-shaped 
curve, there was a progressive increase in SBP with increas- 
ing age. In very old patients (£80 years) the systolic pressure 
hazard ratio nadir was 140 mmHg, 37 compared with the nadir 
of 1 10 mmHg for patients <60 years. However, the hazard 
ratio nadir for DBP was only marginally lower for those £80 
years (70 mmHg) than for their younger counterparts (75 
mmHg). Overall, the incidence of stroke was much less than 
myocardial infarction and correlated with low SBP, whereas 
the incidence of myocardial infarction was correlated with 
low DBP. 

In a Japanese trial, PATE-Hypertension II (Practitioner's 
trial on the efficacy of antihypertensive treatment in elderly 
patients with hypertension II), excessive SBP reduction to 
less than 120 mmHg (in patients £75 years) appeared to be 
harmful, leading to higher cardiovascular/cerebrovascular 
morbidity and mortality than in patients with a SBP of 
120-139 mmHg. 38 

Even though the J-curve phenomenon has been shown 
in many trials, its physiological correlation is not yet 
understood. As a result, this issue should be studied in a cor- 
rectly designed trial comparable to the HOT (Hypertension 
Optimal Treatment) trial. 39 The SPRINT (Systolic Blood 
Pressure Intervention Trial) trial 40 will hopefully clarify if a 
SBP of < 120 mmHg will demonstrate lower cardiovascular 
disease event rates than a SBP of 140 mmHg. The trial will 
randomize approximately 9,250 patients £50 years of age 
with a SBP of £ 130 mmHg and with at least one additional 
cardiovascular disease risk factor, and will run until late 
2018. 

The ESH-CHL-SHOT (European Society of Hypertension 
and Chinese Hypotension League Stroke in Hypertension 
Optimal Treatment) trial will randomize 7,500 patients aged 
£ 65 years with SBP £ 1 40 mmHg and history of previous stroke 
or transient ischemic attack (TIA). Patients will be randomly 
allocated into one of three different sitting SBP targets: 
<145-135 mmHg, < 135— 125 mmHg, and <125 mmHg. 
The endpoint will be collected after approximately 4-5 years 



and will include recurrent stroke, major cardiovascular events, 
cognitive impairment, and dementia. 41 

Ambulatory BP measurement: 
improved understanding of BP 
variability in the elderly 

BP variability in the elderly is high due to barorefiex failure 
and increased arterial stiffness, with periods of hyper- and 
hypotension throughout the day. White-coat hypertension, 
an increase in 24-hour pulse pressure and the prevalence of 
24-hour isolated systolic hypertension, exaggerated ambu- 
latory BP variability, morning BP surge, disrupted diurnal 
BP variation (non-dipping), and postural and postprandial 
hypotension are more common in the elderly and need to 
be considered so that treatment can be tailored appropri- 
ately. 42 Twenty-four-hour SBP is more closely related to 
outcome (fatal or non-fatal cardiovascular events and/or total 
mortality) than office BP. Twenty-four-hour ambulatory pulse 
pressure demonstrates a greater association with stroke than 
with coronary artery disease (CAD). Outcome worsening will 
also be observed in non-dippers and in patients with nocturnal 
hypertension and with an exaggerated morning BP surge. 
Disruption of the circadian BP variation is also associated 
with orthostatic BP dysregulation. Postural and postprandial 
hypotension can be exaggerated by antihypertensive drugs 
(diuretics, alpha-blockers, neuroleptics, antidepressants) and 
is best diagnosed by ambulatory BP monitoring. 

Pharmacological treatment 

in the light of an aging organism 

Although oral absorption of drugs is not significantly affected 
by aging, drug distribution can be influenced by lean body 
mass and decreased proportion of body water. Drug half- 
life time and excretion can be disturbed by liver and kidney 
functional deterioration. Also, pharmacodynamic effects 
become relevant due to changes in end-organ responsiveness 
(decreased baroreceptor sensitivity leading to orthostatic 
hypotension) and may limit the use of vasodilators. A recent 
analysis of 61,661 elderly Japanese patients 43 showed that 
the risk of adverse drug interactions in hypertensive patients 
increased with age and rose dramatically per 10,000 person- 
days from 2.0 (monotherapy) to 5.1 (co-medication), and 
up to 8.6 (polypharmacy). Further risk occurs with hyper- 
glycemia induced by diuretics. BBs may cause acute cardiac 
decompensation in elderly patients with congestive heart 
failure, intermittent claudication in patients with peripheral 
vascular disease, and bronchoconstriction in patients with 
chronic obstructive pulmonary disease. Agents that increase 
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the antihypertensive effect of BBs and calcium antagonists 
(CCBs), including cimetidine, antifungals, and grapefruit 
juice (cytochrome P4503A), should be considered with 
care. Non-steroidal anti-inflammatory drugs (NSAIDs), 
corticosteroids, erythropoietin, amphetamines, ergotamine, 
and anabolic steroids may further increase BP in elderly 
patients. 

Are there BP sex differences 
in the elderly? 

Both the prevalence and severity of hypertension are greater 
in elderly women than in elderly men. It is more difficult to 
achieve BP control in elderly women than in elderly men, 
and there seem to be differences in antihypertensive treatment 
patterns between them. Reasons for these differences are 
difficult to decipher, but could be due to inadequate treatment 
intensity, inappropriate drug choices, lack of compliance, 
treatment resistance because of biological factors, or to other 
factors (eg, central obesity, and so on). 

Is there a "right" drug for treatment 
of hypertension in the elderly? 

The question of the "right drug" in the very elderly has caused 
endless debate in various societies and guideline committees. 
One hundred and forty-seven randomized trials involv- 
ing 464,000 patients have shown that all classes of BP- 
lowering drugs have similar effects in reducing events 
and stroke for a given reduction in BP. 44 Therefore, no 
drug has been consistently superior across all important 
outcomes. 45 Only BBs (atenolol) and alpha-blockers (see 
alpha and beta-blocker section) should not be first-choice 
drugs as they are not superior to any other drug class for 
any outcome. 

Another recent meta-analysis 28 included 18 clinical 
studies and examined 55,569 hypertensive patients and 
59,285 controls. The study compared all commonly used 
antihypertensive therapies with each other (baseline BP 
157/86 mmHg; BP reduction to less than 140/80 mmHg) 
and found that a similar BP reduction resulted in equivalent 
risk reduction for the substances compared. 

A third prospective meta-analysis comparing younger 
and older hypertensives (^65 years) treated with differ- 
ent antihypertensive drugs substantiated previous results 
and found similar drug-class efficacy in younger and older 
patients. 46 Hence, all these investigations show limited evi- 
dence of pivotal differences between various drug classes; 
treatment success is dependent on which collateral outcome 
is preferred. 



Guideline recommendations 

The latest ESH/ESC guidelines 5 recommend antihyperten- 
sive treatment classes that appeared beneficial in reducing 
cardiovascular risk in randomized clincial trials. All hyper- 
tensive agents are recommended (Table 1), but diuretics and 
CCBs may be preferred in patients with isolated systolic 
hypertension (ISH). Former US guidelines (JNC7) favored 
thiazide-type-diruetics when commencing antihypertensive 
therapy in patients without other compelling indications. 25 
JNC8 14 lately backs away from the JNC7 recommendation 
that thiazide-type diuretics should be initial therapy in most 
patients, suggesting ACEIs, ARBs, CCBs, or thiazide-type 
diuretics are reasonable choices in nonblacks. In black 
patients, thiazide-type diuretics and CCBs are recommended 
as first-line therapy for hypertension. The ASH/ISH 
guidelines 19 recommend different drugs for the initial therapy, 
depending on patients' age, race, and blood pressure levels. 
They mention ACEIs or ARBs for nonblack patients under 
the age of 60 and a CCB or thiazide in nonblack patients 
over the age of 60. The most recent Canadian guideline 
update strongly emphasizes ISH as a special entity rather 
than simply acknowledging "age" alone, and recommends 
thiazides, ARBs, and CCBs. 26 In contrast, NICE 20 1 1 is fairly 
rigid with regard to treatment recommendations and does 
not recommend different treatment approaches for patients 
below and above 80 years of age. 24 

Since ACCOMPLISH (Avoiding Cardiovascular events 
through COMbination therapy in Patients Living with Sys- 
tolic Hypertension), 47 the ACEI/CCB combination has shown 
substantial benefits in the overall population and in patients 
>70 years. These results were reflected 2 years later in the 
2011 NICE recommmendations. An overview of the most 
recent JNC7, ESH/ESC, CHEP and NICE guidelines is 
presented in Table 1 . A comparison between the latest JNC8 
and ASH/ISH is given in Table 2. 

Pharmacological treatment 
with different drug classes 

Diuretics 

Thiazide diuretics (hydrochlorothiazide [HCTZ], 
chlorthalidone, and indapamide [thiazide-like]) are recom- 
mended for initiating therapy and are generally well tolerated. 
Diuretics control hypertension by inhibiting reabsorption 
of sodium and chloride ions from the tubules in the kidney. 
They lead to an early reduction of intravascular volume 
and peripheral vascular resistance, causing a reduction in 
BP. The thiazide-associated decrease in peripheral vascular 
resistance could be the result of a direct vasodilatory effect, 
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Table 2 Comparison of latest divergent guideline-recommendations of ASH/ISH 2013 and JNC8 2014 



ASH/ISH 2013 JNC8 20I4 



Recommended substances 


• 


Thiazides 


• 


Thiazides 




• 


ARBs/ACEIs 


• 


ARBs/ACEIs 




• 


CCBs 


• 


CCBs 


Recommended BP goals 


Goal for patients >80 years: 


Goal for patients >60 years: 






jDr ^-.i*ru/7u mmng tot patients oiuer man 




i DU/7U mmng, 






80 years 




no benefit to lower SBP *C 140 mmHg 
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that are even older 




no upwards adjustment is necessary 
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be lowered below 140/90 mmHg 






Recommendation for 


• 


First step: CCBs or thiazide diuretics as 


• 


Initiate thiazide-type diuretic or CCB, alone or in combination 


application 




first drug choice 




in black patients 




• 


Second step: ARBs, ACEI (or CCB or thiazide 


• 


Initiate thiazide-type diuretic or ACEI or ARB or CCB, alone 






if ACEI or ARB used first) as second drug 




or in combination in non-black patients 




• 


Third step: combination of CCB + ACEI or 










ARB + thiazide diuretic 






Additional comments 


• 


Consideration of ethnicity and race 


• 


Different possible drug-strategies including a) Maximizing first 




• 


Long-acting drugs should be preferred 




medication before adding second, b) Add second medication 




• 


Availability (government and other agencies) 




before reaching maximum dose of first medication 






and affordability influences drug-choice 




c) Start with two medication classes seperately or as fixed- 










dose combination 



Notes: ASH/ISH 201 3 Clinical Practice Guidelines for the Management of Hypertension in the Community, A Statement by the American Society of Hypertension and the 
International Society of Hypertension, 2014 Evidence-Based Guideline for the Management of High Blood Pressure on Adults, Report From the Panel Members Appointed 
to the Eighth Joint National Committee (|NC8). 

Abbreviations: CCBs, calcium channel blockers; ACEIs, angiotensin-converting enzyme inhibitors; ARBs, angiotensin receptor blockers; BP, blood pressure; SBP, systolic 
blood pressure ASH/ISH, American Society of Hypertension and the International Society of Hypertension. 



perhaps separately from the diuretic effect of HCTZ. One 
proposed effect of HCTZ is its direct vascular relaxant 
effects via opening of the calcium-activated potassium (KCa) 
channel. Another hypothesis is that HCTZ inhibits carbonic 
anhydrase so that the KCa channel gets activated by the 
increased intracellular pH. Further potential mechanisms 
of the direct and indirect vasodilatory effects of HCTZ are 
described by Duarte and Cooper-DeHoff. 48 A number of 
clinical studies in the elderly have shown reduced incidence 
of cardiovascular events with thiazide (mean age ALLHAT 
[Antihypertensive and Lipid-Lowering treatment to prevent 
Heart Attack Trial]: 67 years, SHEP [the Systolic Hyperten- 
sion in the Elderly Program]: 72 years, HYVET: 84 years, 
EWPHE [European Working Party on High blood pressure 
in the Elderly study]: 72 years). 

However, at the same time, elderly patients run a higher 
risk of hypovolemia and are more prone to orthostatic 
hypotension due to reduced baroreceptor sensitivity. 

Chlorthalidone differs pharmacokinetically from HCTZ 
due to its longer action. However, whether chlorthalidone 
really exhibits stronger potency has to be evaluated in future 
trials. In recent retrospective studies, no statistical difference 
in the primary outcome (composite of mortality and hospital- 
ization for cardiovascular events) could be observed between 



chlorthalidone and HCTZ. On the contrary, chlorthalidone 
was associated with greater incidence of electrolyte abnor- 
malities in older adults compared to HCTZ. 49 

Although thiazides had been considered first-line therapy 
in hypertension some controversy exists with regard to anti- 
hypertensive efficacy, effect on morbidity and mortality, and 
adverse drug reactions of this substance in the elderly. 50 

After a 1-year follow-up, only 39% of all patients 
remained on diuretic therapy. According to statistics on 
adverse drug reactions leading to hospitalization, diuretics are 
among the five leading drug classes. Finally, thiazide diuret- 
ics, as compared to thiazide-like diuretics (indapamide), 
increase uric acid, potentially expediting the development of 
gout through volume contraction and competition with uric 
acid for renal tubular secretion. All diuretics cause electrolyte 
disturbances; in conjunction with left ventricular hypertrophy 
this can provoke ventricular arrhythmias and sudden death. 
Thiazides are also diabetogenic, can cause dyslipidemia, and 
can reduce lithium excretion and precipitate lithium toxicity. 
In combination with BBs, thiazides have the potential to 
increase fatigue and glucose levels. While NSAIDs hamper 
the potency of thiazides, potassium and renal function need 
to be monitored carefully in light of renal insufficiency and 
the danger of hyperkalemia. 
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Beta-blockers 

BBs should be used in combination therapy, usually with 
diuretics in elderly patients who have additional cardiovas- 
cular conditions, such as coronary heart disease (CHD), 
particularly in individuals with a history of myocardial 
infarction (MI), systolic heart failure, or arrhythmias. The 
inhibition of catecholamine-mediated cardiotoxic effects 
and hyperactivity of the sympathetic system play a role 
in younger patients, whereas the mechanism for lowering 
BP is based on a decrease of cardiac output, inhibition of 
renin release, decrease of angiotensin II (All) production, 
and blockade of presynaptic adrenoceptors that decrease 
central vasomotor activity. 51 In several large studies and 
meta-analyses, BBs have failed to provide benefits as a first- 
line antihypertensive drug compared to other therapies. 52,53 
BBs only show modest reductions in cardiovascular events 
and no significant effects on mortality. 51 - 54 Reasons for the 
negligible cardiovascular protection include their inability 
to lower central aortic pressure (pseudo-antihypertensive 
efficacy), unfavorable metabolic effects, and their lack 
of regressive effects on left ventricular hypertrophy and 
endothelial dysfunction. 

In ISH patients, BBs lead to a compensatory increase 
in stroke volume due to their negative chronotropic effect. 
Subsequently, this leads to a further elevation in SBP and 
a decrease in DBP, which exacerbates pulse pressure even 
more. Although it was thought that lowering heart rate is 
associated with a positive effect on outcome, this assumption 
has not held true. 55 

There can also be differences between various sub-types 
of BBs. The newer BBs, such as nebivolol and carvedilol, 
which have vasodilatory properties, may provide better mor- 
bidity and mortality outcomes and safety profile. A definitive 
answer would have to come from prospective randomized 
controlled trials. Overall, BB tolerability is poor, indicated 
by substantial drop-out rates in clinical trials. Drowsiness, 
lethargy, sleep disturbance, visual hallucinations, and depres- 
sion are side-effects that hamper life quality, even more so 
in elderly and very elderly patients. 

Calcium channel blockers 

Three sub-classes of CCBs block the influx of calcium ions 
into the cells of vascular smooth-muscle and myocardial 
tissue: phenylalkylamines (verapamil), benzothiazepines 
(diltiazem), and dihydropyridines (eg, nifedipine, amlo- 
dipine, and nitrendipine). CCBs inhibit the contraction of 
coronary and peripheral arterial smooth-muscle cells that are 
considerably more dependent on external calcium than the 



heart and skeletal muscle. As a result, CCBs dilate coronary 
and peripheral arteries without jeopardizing the heart or 
muscle contractibility. In addition, they influence the sinus 
node function, atrioventricular conduction, and coronary 
circulation. A special attribute of dihydropyridines is the 
decrease of cytosolic free calcium, leading to a lower 
vasomotor tone (especially at the arteriolar level), and thus 
lower peripheral resistance. With this mode of action, CCBs 
are particularly suited for the treatment of stiffening arteries, 
angina, and supraventricular arrhythmias. Side-effects of 
dihydropyridines are ankle edema, headache, and postural 
hypotension. Verapamil and diltiazem may cause heart block 
in elderly patients. The first generation of CCBs (nifedipine, 
verapamil, and diltiazem) should be avoided in patients with 
left ventricular systolic dysfunction. A variety of studies have 
shown dihydropyridines to be beneficial in patients with ISH, 
high age, diabetes, atherosclerosis, stroke, 56 and dementia. 57 
One meta-analysis involving 9,138 patients 58 demonstrated 
that CCBs attenuate the rate of progression of carotid 
intima-media thickening. Further benefits in favor of dihy- 
dropyridines have been reported in the CAFE (Conduit 
Artery Function Evaluation) study 59 where the combination 
of CCB/ACEI yielded a higher central BP-lowering effect 
than the ACEI/diuretic combination. Interestingly, no dif- 
ference has been reported for brachial BP. The CAFE study 
provides a plausible explanation, at least in part, for the 
better clinical outcome in patients treated with amlodipine/ 
perindopril. The ACCOMPLISH trial has substantiated these 
findings. Benazepril/amlodipine was shown to be superior, 
with a 20% lower incidence of cardiovascular mortality 
and a 1 7% lower rate of cardiovascular events than HCTZ/ 
benazepril, independent of age and the presence of CAD. 60 
On the other hand a recent meta-analysis of 3 1 randomized 
controlled trials involving 273,543 participants showed that 
CCBs were not different to ACEIs and diuretics 61 for lower- 
ing stroke rates. In analogy to the ACCOMPLISH trial, 60 
the COLM (Combination of OLMesartan and CCB or Low 
Dose Diuretics in High Risk Elderly Hypertensive Patients) 
study compares combination therapy using an ARB (olm- 
esartan) and a CCB with the combination of an ARB and 
a diuretic in high-risk elderly (65-84 years) hypertensive 
patients. 62 A total of more than 4,000 patients were recruited 
and were followed up for at least 3 years. The study has 
been completed but the results are still outstanding. 62 In 
the NICE guidelines, 24 CCBs are recommended as initial 
therapy for all patients older than 55 years of age. This 
recommendation is based on the low withdrawal rates with 
CCBs found in the ASCOT (Anglo-Scandinavian Cardiac 



submit your manuscript | www.dovepress.com 
Dovepress 



Clinical Interventions in Aging 2014:9 



Dovepress 



Pharmacological treatment of hypertension in the elderly and very elderly 



Outcome Trial), 63 as well as the low association between 
CCB medication and fewer revascularization procedures 
leading to a combined medico-economic rationale. Also, 
the JNC7, JNC8, ASH/ISH (>60 years of age), and ESH/ 
ESC guidelines have CCBs included in their initial drug 
therapy (Tables 1 and 2). 

Drugs that influence the renin angiotensin 
aldosterone system 
Angiotensin-converting enzyme inhibitors 
ACEIs block the conversion from angiotensin I to the 
vasoconstrictor All, leading to a systematic decrease in 
blood-vessel tension and blood volume, without affecting 
heart rate via reflex stimulation. All damages the endothe- 
lium by increasing oxidative stress while reducing nitric 
oxide bioavailability that provokes vascular remodeling, 
atherosclerosis, and arterial stiffening. Multiple clinical 
trials (ALLHAT, 86 STOP-2 [The Second Swedish Trial 
in Old Patients with Hypertension-2], 64 and HOPE [The 
Heart Outcomes Prevention Evaluation Study] 65 ) found 
that ACEIs lowered BP equally effectively compared to 
other drugs 66 and demonstrated lower morbidity and mor- 
tality in the elderly. 53 ACEIs seem to be most effective in 
patients with comorbidities, such as left ventricular hyper- 
trophy, congestive heart failure and diabetes, to reduce 
cardiovascular death, stroke, and myocardial infarction, 67 
although ACEIs appear to be inferior to CCBs with regard 
to stroke risk reduction; 68 centrally acting ACEIs that 
cross the blood-brain barrier may do so by inhibiting the 
brain's ACE-driven degradation of amyloid-beta protein. 
In elderly diabetic patients, the use of ACEIs to preclude 
and slow the progression of renal disease and to prevent 
kidney failure still has to be proven in large-scale clinical 
trials. In a sub-study of HOPE 69 involving diabetic patients 
(mean age 65 years), the primary endpoints (myocardial 
infarction, stroke, and cardiovascular death) and second- 
ary endpoints (total mortality, heart failure, and TIA) 
were significantly lowered. Elsewise, evidence can only 
be extrapolated from middle-aged patients who have been 
treated with ARBs. 70 Notwithstanding the results of a 
recent meta-analysis 71 in elderly patients, the benefits of 
an ACEI or an ARB therapy (see the next section) should 
not be denied, but continuous monitoring of renal function 
and electrolytes (especially potassium) and avoidance of 
NSAIDs and potassium in the diet (eg, potassium-sparing 
diuretics, potassium supplements, and potassium-rich 
food) are recommended and will help to diminish the risks 
associated with this therapy. 



Angiotensin-receptor blockers 

ARBs block the activation of All ATI (Angiotensin-II- 
Receptor-Subtype-1) receptors. As ARBs trigger fewer 
side-effects, they are alternatives when adverse events of 
ACEIs are not tolerable. This applies specifically to ACEI- 
induced coughing. Improved or similar outcome with 
ARBs compared with other drugs has been demonstrated 
in several trials (LIFE [Losartan Intervention for Endpoint 
Reduction], VALUE [Valsartan Antihypertensive Long- 
Term-Use Evaluation]). 7273 ARBs are effective in reducing 
microalbuminuria levels and end-stage renal disease rates 
in patients with diabetic nephropathy. However, optimal 
BP thresholds and targets in elderly chronic kidney disease 
(CKD) patients still remain to be determined. 71 ARBs exhibit 
beneficial effects in elderly patients with stroke and heart 
failure (SCOPE [Study on COgnition and Prognosis in the 
Elderly], MOSES [Morbidity and Mortality after Stroke, 
Eprosartan Compared with Nitrendipine for Secondary 
Prevention], ACCESS [Acute Candesartan Cilexetil Therapy 
in Stroke Survivors], ValHeft [Valsartan Heart Failure Trial], 
and CHARM [Candesartan in Heart Failure: Assessment of 
Reduction in Mortality and Morbidity]). 74 " 78 In CKD and 
heart-failure patients, the combination of ACEIs and ARBs 
should be avoided. Evidence has been provided that there 
is an increased risk of renal dysfunction and hyperkalemia, 
with limited additive efficacy. 79 In a recent meta-analysis, 
all-cause mortality reduction in hypertensive patients was 
driven primarily by ACEIs compared to ARBs. 80 Relevant 
side effects are displayed in Table 3. 

ACEIs or ARBs are recommended only in patients 
younger than 55 years in the NICE guidelines. 24 All 
other guidelines (JNC7, JNC8 ESH/ESC, CHEP) do 
recommend ACEI and ARBs as first line therapy for 
nonblack patients. 

Direct renin inhibitors 

Aliskiren appears to be as effective as ARBs and ACEIs in 
lowering BP in the elderly. 81 In the AGELESS (aliskiren for 
geriatric lowering of systolic hypertension: a randomized 
controlled trial) trial, 82 the drug was found to be more effec- 
tive and better tolerated than ramipril in patients with ISH. 
The major side-effect is mild diarrhea, which usually does 
not lead to discontinuation. In patients with type II diabetes 
or in patients with glomerular filtration rate (GFR) below 
60 mL/minute/1.73m 2 , the US Food and Drug Administra- 
tion (FDA) and the European Medicines Agency (EMA) do 
not recommend the combined use of aliskiren and blockers 
of the renin angiotensin aldosterone system (RAAS). This 
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Table 3 Most common drug-related side-effects of the main substance classes 



Drug class Adverse effects 



Thiazide and loop diuretics 


• Hypokalemia, hyponatremia, hypomagnesemia 




• Volume-depletion and orthostatic hypotension 




• Renal impairment, hyperuricemia, gout, lipid alterations, hyperglycemia, insulin resistance 




• NSAIDs reduce thiazide potency 




• Erectile dysfunction and possibly impotence 




• Reduction of lithium excretion and precipitate lithium toxicity 




• Potential to increase fatigue and lethargy 




• Pro-diabetogenic potential in combination with BBs 




• Increase of urinary frequency, leg cramps 




• Decrease of renal blood flow, creatinine clearance, GFR 


Potassium-sparing diuretics 


• Hyperkalemia, hypotension 


BBs 


• Sinus bradycardia, fatigue, AV-nodal heart block bronchospasm, aggravation of acute heart failure 




• Intermittent claudication, confusion, hyperglycemia 




• Diabetes mellitus 




• Drowsiness, lethargy, sleep disturbance, visual hallucinations, depression, blurring of vision, 




nightmares 




• Pulmonary side-effects (increased airway resistance in asthmatics) 




• Peripheral vascular side-effects (cold extremities, Raynaud's phenomenon) 




• Erectile dysfunction 


ACEIs 


• Cough, hyperkalemia 




• Angioneurotic edema 




• Rash, altered taste sensation, renal impairment 


ARBs 


• Hyperkalemia, renal impairment 


CCBs (non-dihydropyridines) 


• Rash, sinus bradycardia, heart block, heart failure, constipation (verapamil), gingival hyperplasia 




• Ankle edema, headache and postural hypotension 


CCBs (dihydropyridines) 


• Peripheral edema, heart failure, tachycardia 




• Aggravation of angina pectoris (short-acting agents) 


Direct vasodilators 


• Tachycardia, fluid retention 




• Angina pectoris 


Alpha 1 -adrenergic antagonists 


• Hypotension 


Alpha-beta adrenergic blockers 


• Hypotension, heart block, sinus bradycardia, bronchospasm 


(vasodilator-beta adrenergic blockers) 




Central-acting substances 


• Sedation, constipation, dry mouth 


Direct renin inhibitors 


• Mild diarrhea 



Abbreviations: ACEIs, angiotensin-converting enzyme inhibitors; ARBs, angiotensin receptor blockers; BBs, beta-blockers; CCBs, calcium channel blockers; NSAIDs, non- 
steroidal anti-inflammatory drugs; GFR, glomerular filtration rate; eGFR, estimated glomerular filtration rate; AV, atrioventricular. 



decision is based on results from the interrupted ALTITUDE 
(Aliskiren Trial In Type 2 Diabetes Using Cardio-Renal End- 
points) trial, 83 in which the incidence of primary endpoints 
(cardiovascular and renal events) was not improved, but 
more adverse events were observed in the combination arm 
(hyperkalemia). In the ASTRONAUT (The Aliskiren Trial 
on Acute Heart Failure Outcomes) trial, 83 the combination 
of aliskiren and an ARB also did not show an improvement 
in post-discharge mortality and heart failure readmissions, 
although significant decreases in N-terminal pro-brain 
natriuretic peptide (NT-proBNP) were observed. Patients on 
aliskiren on top of standard therapy displayed a significantly 
higher rate of hyperkalemia, worsening renal function, and 
hypotension. The final results of the ATMOSPHERE (the 
Aliskiren Trial of Minimizing Outcomes for Patients with 
HEart failure) study 84 (patients with chronic heart failure 



treated with the combination of aliskiren and enalapril) still 
need to be reported before final conclusions can be drawn, 
especially for the elderly population. 85 JNC8" guidelines 
do not recommend direct renin inhibitors as there have 
been no studies demonstrating their benefits on kidney or 
cardiovascular outcomes. 

Other agents 

Adrenergic blockers (eg, doxazosin) and centrally acting 
antihypertensive drugs (eg, clonidine, methyldopa, and 
reserpine) are not recommended for the treatment of hyper- 
tension in the elderly as their efficacy/adverse-effect profile 
is not beneficial. 53 

Alpha-adrenergic blockers dilate the arterial wall by 
blocking the vasoconstrictive effects of alpha-adrenergic 
receptors. Although alpha-blockers are very effective in 
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Table 4 Comparison of recommended substance classes in 
special situations in hypertension management 



Condition/factor 



Recommended 
drug 

ESH/ESC 2013 



Recommended 
drug 

ACCF/AHA 201 I 



Asymptomatic 
atherosclerosis/ 
coronary artery 
disease risk 
Recurrent stroke 
protection 
Recurrent AMI 
protection 



CCBs, ACEIs Diuretics, BBs, 

ACEIs, CCBs, 
mineralocorticoid 
receptor antagonists 

Any drug reducing BP Diuretics, ACEIs 



BBs, ACEIs, ARBs 



BBs, ACEIs, 
mineralocorticoid 
receptor antagonists 
ACEIs, ARBs 



End stage renal disease/ ACEIs, ARBs 
proteinuria/chronic 
kidney disease 

Diabetes mellitus ACEIs, ARBs Diuretics, BBs, 

ACEIs, ARBs, CCBs, 
mineralocorticoid 
receptor antagonists 

Heart failure Diuretics, BBs, ACEIs, 

ARBs, mineralocorticoid 

receptor antagonists 
Black patients Diuretics, CCBs - 

Other factors not mentioned in guideline recommendations applicable 
to the elderly/very elderly 

Adherence CCBs, ARBs 

Costs savings Diuretics, BBs, costs/adherence: ARBs 

Dementia ACEIs, CCBs 

Notes: ACCF/AHA 201 I Expert Consensus Document on Hypertension in the 
Elderly: A Report of the American College of Cardiology Foundation Task Force on 
Clinical Expert Consensus Documents developed in collaboration with the American 
Academy of Neurology, American Geriatrics Society, American Society for Preventive 
Cardiology, American Society of Hypertension, American Society of Nephrology, 
Association of Black Cardiologists, and European Society of Hypertension; 4 20 1 3 ESH/ 
ESC Guidelines for the Management of Arterial Hypertension: The Task Force for 
the Management of Arterial Hypertension of the European Society of Hypertension 
(ESH) and of the European Society of Cardiology (ESC). 

Abbreviations: ACCF/AHA, American College of Cardiology Foundation/ 
American Heart Association: ACEI, angiotensin-converting enzyme inhibitors; AMI, 
acute myocardial infarction; ARBs, angiotensin receptor blockers; BBs, beta-blockers; 
CCBs, calcium channel blockers. 

lowering BP, they often cause adverse events, such as postural 
hypotension, especially in patients receiving other vasodila- 
tors or diuretics. Since in the ALLHAT study 86 the doxazosin 
arm demonstrated a 25% increase in cardiovascular endpoints 
and tripled the risk of congestive heart failure compared to 
chlorthalidone, alpha-blockers are no longer used in treatment 
combinations or just as third- or fourth-line agents, for 
example in isolated hypertension. 

Summary of treatment per disease condition 

The recent ESH/ESC guidelines suggest a condition-drug 
correlation. 87 As there is no evidence that different drugs 
should be used according to age and sex, the guideline alloca- 
tions may also be applied to elderly patients (Table 4). 



The comorbidity of dementia 

Elderly patients have an increased risk of hypertension- 
induced dementia and cognitive dysfunction. High BP is also 
a predictor of stroke and vascular brain lesions. 88 

Vascular dementia is a consequence of cognitive impair- 
ment caused by hypertensive angiopathy. 89 The underlying 
mechanism seems to be the elongation and tortation of blood 
vessels leading to an increase in BP in order to maintain blood 
flow; blood vessel wall thickness, and subsequent rigidity 
increase. 90 Subcortical white matter is damaged through 
blood flow impairment, hypoperfusions, and micro-ruptures 
of cerebral blood vessels. 91 

However, to date there is no hard evidence regarding 
whether or not antihypertensive therapy has an impact on cog- 
nitive decline and dementia and if white-matter lesions can 
be prevented with antihypertensive therapy. This ambiguity is 
caused by several studies that revealed a curvilinear relation- 
ship between BP and cognitive function, in that low BP in 
late life is associated with a higher incidence of dementia. 92 
Another finding comes from a recent French cohort study, 
which showed that BP variability and not mean BP was 
associated with an increased risk of incident dementia. 93 The 
MIND sub-study of the SPRINT trial (SPRINT Memory and 
cognition IN Decreased hypertension: SPRINT-MIND) may 
provide more insights on cognitive function by assessing the 
Mini Mental State results of elderly people with SBPs of 1 00 
mmHg, 120 miriHg, and 180 rnmHg. 94 

Thus, to date it remains unclear whether benefits in the 
prevention of cognitive impairment are derived from lower- 
ing BP or from the choice of a particular drug class. The 
comprehensive PROGRESS (Perindopril Protection Against 
Recurrent Stroke Study) sub-study 95 will hopefully address 
this issue by assessing the protective effects of perindopril 
and indapamide. Even though the underlying mechanisms are 
unknown, it is assumed that blockage of the cerebral ACE 
system and facilitating cholinergic activation can prevent 
cognitive decline. 96 Also, telmisartan is assumed to interplay 
with the hippocampal brain-derived neurotrophic factor/ 
tropomyosin-related kinase B. 97 In the smaller Honululu-Asia 
Aging study, BBs seemed to be associated with a lower risk 
of developing cognitive impairment, 98 and a recent Spanish 
review 99 highlights the advantages of CCBs. Nitrendipine and 
lercanidipin in particular seem to have specific neuroprotec- 
tive effects. The latter is responsible for substantial and long- 
acting vasodilation, and may therefore be indicated to reduce 
vascular dementia. In light of conflicting evidence, CCBs and 
ACEIs may be recommended for preventive use in elderly 
and very elderly patients with dementia (Table 1). 
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Changes in hypertension treatment 
through the aging process 

Primarily, reduction of BP is more important than the agent 
used to reach that goal. Thus, the four basic drug classes, 
namely ACEIs, ARBs, CCBs, and diuretics, are all suitable as 
first-line therapy to treat arterial hypertension in both elderly 
(s65 years) and very elderly patients (s80 years). BBs should 
be administered cautiously, with the exception of prior myo- 
cardial infarction, heart failure, and arrhythmia. The choice 
of antihypertensive agent should be individually adjusted 
according to the tolerability of the corresponding drugs and 
underlying comorbidities. A successful antihypertensive treat- 
ment without side-effects should be principally maintained 
when patients become older, but modified according to the 
stage of aging in order to maintain the SBP goals of < 140 
mrnHg inpatients <80 years and 140-150 mmHg inpatients 
&80 years, as recommended in the current ESH/ESC guide- 
lines. 5 In a recent review on SBP targets for the elderly by 
Denker and Cohen 100 and as elucidated by Paul James: '[...] 
if you gotten someone's [systolic] BP to 140 or 135 mmHg 
on medicine and they are doing well then you need to take 
them off medicine and get their BP closer to 150 mmHg.' 15 
Data suggest that the activity of the RAAS system, including 
plasma renin activity, is remarkably lower in the elderly. 101 
Thus, drugs targeting the RAAS might become less effective 
and patients should be monitored more intensively. 

Medical rationale for single-pill 
combinations in the elderly 

Only 20% of patients s65 years show good adherence 
to medication. 102 As a result, treatment success is often 
impaired. Overall, utilization of multiple antihypertensive 
drugs in the elderly has been observed, with 38% of patients 
receiving three or more antihypertensive drugs. 103 A study 
found that non-vascular comorbidities are also negatively 
correlated with antihypertensive drug use in the elderly. 104 
Approximately 50% of patients discontinue their treatment 
within only 1-year, 105 and a high percentage of drug-related 
admissions to hospitals are caused by non-adherence to 
medication. 

An older but nicely designed systematic review on the 
association between dose and medication compliance indi- 
cated that compliance dropped from 79%+ 14% with one 
daily drug to 5 1%+20% with four daily drugs. 107 Decreasing 
the number of tablets can therefore improve adherence to 
treatment. 108 In addition, prescription of single-pill combi- 
nations (SPCs) appears to be useful in reducing side-effects 



and bringing more patients to goal. 109 Combined therapies 
can increase responder rates up to 70% 110 and reduce side- 
effects by neutralizing counter-regulatory mechanisms. 
In a survey conducted in Thuringia, 85.1% of physicians 
treated their hypertensive patients early on with combina- 
tion therapy. 111 ESH/ESC guidelines 5 recommend to start 
combination therapy with marked BP elevation and/or 
high/very high CV risk. JNC8 guidelines 14 leave it to the 
physicians' diligence, which of the 3 strategies described 
to adopt, and tailor the therapy according to the individual 
circumstances, clinician and patient preferences, and drug 
tolerability (Table 2). 

A focus on compliance: looking 
beyond mode of application 

Compliance problems are not caused exclusively by mode of 
application. The composition of prescribed drugs and patient 
sex also influence compliance behavior. Highest adherence 
has been found in patients taking CCBs and ARBs, while BBs 
and diuretics have been associated with low adherence. 112 
A cohort study of 2,194 patients identified the most promi- 
nent factors of low adherence in the elderly to be high body 
mass index in men, dissatisfaction with communication 
of the health care provider, and depression in women. 113 
Furthermore, consultation of multiple doctors has been 
shown to be associated with a lower likelihood of achiev- 
ing target BP in patients aged >80 years. 114 A Swiss study 
indicated that older physicians in rural areas showed more 
hesitation concerning the use of SPCs in elderly patients. 10 It 
is likely that SPCs are perceived as impractical when medica- 
tion adjustments need to be performed frequently. In addition, 
it must be mentioned that cortical dementia, for example, 
also increases the risk of non-adherence to medication. 
Thus, physicians may believe that in a twice-daily scheme 
the probability of taking at least one dosage/day is higher 
than with a SPC where the forgiveness factor is low. Based 
on the fact that approximately 1 8% of octogenarians show an 
impairment of cortical function or dementia, the prescription 
of SPCs must be evaluated carefully. Furthermore, it must 
not be forgotten that the initial use of a SPC can result in a 
substantial drop in BP. 

Early detection of cardiovascular disease 

Hypertension in the elderly is a very common biomarker to 
detect developing cardiovascular disease early and reliably. 
Changes in hypertension levels reflect subtle perturbations 
and provide the opportunity for prevention or regression 
at an early and potentially modifiable disease stage. Heart 
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failure, arrhythmias, valvular heart disease, and CHD are 
highly prevalent among octogenarians. Because treatment 
variation is more restricted in the elderly due to limitations 
pertaining to homeostatic and adaptive capacity, aggrava- 
tion of existing diseases should be prevented. The cur- 
rently applied methodologies (eg, electrocardiography and 
echocardiography) do not have high detection sensitivity 
and cannot always be used in routine assessment (ie, they 
are costly and time-consuming). For example, the diagnosis 
of left ventricular hypertrophy (LVH) has been demon- 
strated to be predictive of major cardiovascular events, 
including stroke and all-cause mortality, independent of 
BP. Conversely, patients who achieve LVH regression 
during follow-up are much less likely to experience mor- 
bid events than those with persistence of LVH. 115 Also, 
NT-pro-BNP/BNP and cardiac troponins are related to 
structural and functional abnormalities that may progress 
to symptomatic heart disease, eg, LVH and LV systolic and 
diastolic dysfunction. 116 Results from high-sensitivity car- 
diac troponin (hs-cTn) assays were also strongly related to 
cardiac abnormalities, namely LV systolic dysfunction and 
increased LV mass and LV dimensions portending mortality 
and heart failure hospitalization. Shown in three different 
large population-based cohort studies strong and graded 
associations were seen linking hypertension, diabetes, and 
CKD with higher cTn levels. 116 Combining information 
derived from NT-pro-BNP/BNP and/or cTn may provide 
complementary utility to risk-stratify subjects to different 
categories beyond traditional risk factors. 117 Combined 
with clinical information (eg, LVH), biomarker testing may 
allow identification of patients with a malignant subpheno- 
type of LVH with a high risk for progression to heart failure 
and CV death 118 or may in combination with electrocardiog- 
raphy lead to a similar sensitivity as echocardiography with 
a tenth of the costs. 119 However, to date, studies have shown 
considerable heterogeneity due to different thresholds 
(cut-offs) used and varying prevalence of the abnormali- 
ties screened and concomitant cardiovascular diagnoses. 
Furthermore, the biomarker results may be confounded by 
several non-cardiac conditions, such as age, sex, renal func- 
tion, and metabolic status. Results suggest that risk (heart 
failure, CVD death) associated with higher cTn levels can 
be dynamic. If therapies or lifestyle factors can be identi- 
fied that can prevent further troponin increase, or, better 
yet, reduce troponin levels assessed in serial measurement, 
then heart failure risk may also be modifiable. There are cur- 
rently no studies evaluating the effectiveness of a biomarker 
based treatment intervention on hard outcomes in either a 



general or an old population with subclinical but potentially 
modifiable cardiorenal organ damage stages. 

Economic aspects of antihypertensive 
treatment in the elderly 

Antihypertensive treatment has a huge economic impact on 
health systems. In general, two factors impact on treatment 
costs: 1) duration of treatment, and 2) mode of application. 
Data have shown that patients treated for longer than 10 years 
are more cost-intensive. 117 This may be due to resistance to 
change to alternative and cheaper combinations once treatment is 
successful. In Switzerland, fewer SPCs are prescribed in the very 
elderly than in younger patients, 10 which impacts therapy costs. 
Thus, daily therapy costs were found to be higher in patients aged 
65-79 and >80 years than in patients aged <65 years. 

In many markets, treatment costs are higher for ARBs than 
for ACEIs. However, it must be noted that despite nominally 
higher daily treatment costs, the antihypertensive effect and 
adverse side-effect profile for ARBs are more favorable than 
for older drugs, such as diuretics or BBs. Increased compliance 
with ARBs resulting in substantial cost savings 118 may there- 
fore justify higher daily treatment costs. Despite the findings of 
an Italian investigation reporting diuretics and BBs to be highly 
cost-effective, blood pressure control rates remained low with 
these drugs. 119 Data from another Swiss survey indicated an 
exceedingly high use of diuretics in primary care 120 as diuret- 
ics are often perceived to be the preferred approach for initial 
treatment of mild to moderate hypertension. 121 Considering 
the increased costs for potential new-onset diabetes of USD 
$549 per patient, the use of diuretics/BBs has been shown to 
be economically and medically unpropitious. 122 This finding 
can be backed with data from an analysis showing substantial 
savings in Great Britain and Sweden with respect to new-onset 
diabetes by using CCBs instead of BBs. 122 

Conclusion 

The increasing number of elderly (^65 and <80 years) and 
very elderly (>80 years) patients, plus restricted evidence 
from randomized controlled trials consolidated in different 
guidelines, means that antihypertensive treatment remains 
challenging in this patient population. It is therefore the 
physician's responsibility to individualize treatment, taking 
important aspects such as the J-curve effect, age, comorbidi- 
ties, and co-medication into consideration. The central ques- 
tions remain: whom to treat with which drug class, when to 
initiate treatment, and what should be optimal goals in this 
population. Furthermore, other modifiable cardiovascular risk 
factors, such as diabetes mellitus and chronic kidney disease, 
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also need to be integrated into the treatment strategy. The 
principle to start low and go slow will probably help primarily 
in patients with orthostatic hypotensive problems and kidney 
insufficiency. BP measurement should also be conducted in 
a standing position, and 24-hour ambulatory BP measure- 
ments are recommended. The newly started studies, SPRINT 
and ESH-CHL-SHOT, should help us to define optimum BP 
values for elderly patients more accurately. Future studies 
should also include 24-hour ambulatory BP measurement to 
gain more insight into an optimal treatment algorithm for the 
individual characteristics of a BP profile. Care should also 
be improved by accelerating adoption and implementation 
of standardized treatment approaches nationwide. 21,23 Novel 
non-pharmacological interventions, namely renal sympathetic 
denervation and carotid baroreceptor stimulation, should also 
be assessed to provide further armamentarium in managing the 
ever- increasing number of hypertensive elderly patients. 
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